Chloroplasts can be isolated from higher plants directly following homogenization; however, the resulting yield, purity, and intactness are often low, necessitating a large amount of starting material. This protocol is optimized to produce a high yield of pure chloroplasts from isolated Arabidopsis protoplasts. The two-part method is a simple, scaled-down, and low-cost procedure that readily provides healthy mesophyll protoplasts, which are then ruptured to release intact chloroplasts. Chloroplasts isolated using this method are competent for use in biochemical, cellular, and molecular analyses.
Cover glasses Dental baseplate wax (Nu-Base) Depression slides Flat-tip forceps Microcentrifuge tubes (0.5-, 1.5-and 2-mL) Neubauer hemocytometer Nylon mesh (10-μm) In the following method, isolated protoplasts are ruptured using 10-μm nylon mesh; chloroplasts, but not protoplasts, are small enough to pass through mesh of this size.
Nylon mesh (75-μm) Pasteur pipettes Petri dishes (100-mm) Razor blades (double-sided)
Before use (Step 2), snap new double-sided razor blades in half before removing the paper covering.
Syringe (1-mL) Vacuum pump
METHOD
The following protocol was adapted from Smith et al. (2003) , Yoo et al. (2007) , and Lung and Chuong (2012) .
Isolating Protoplasts

1.
Harvest 30 well-expanded leaves from 3-to 4-wk-old Arabidopsis plants.
2.
Cut the leaves into 0.5-to 1-mm strips using one half of a double-sided razor blade on a dental wax pad. To avoid tissue crushing at the cutting site, draw the blade over the surface of the leaf in a smooth motion. Move to a new area of the blade or switch to a new blade after cutting four to five leaves.
3.
Transfer the leaf strips to 10 mL of enzyme buffer in a Petri dish. Dip both sides of the leaf strips in buffer using a pair of flat-tip forceps and vacuum infiltrate for 15 min.
The ratio of enzyme solution to tissue is important; there should be sufficient liquid to cover the leaf strips without affecting the final enzyme concentrations.
4. Digest the leaf strips in enzyme buffer at room temperature in the dark for 3 h or longer without shaking. Check the release of protoplasts into solution regularly under a microscope. Avoid swirling the tissue during the digestion step, as protoplasts are less stable upon release into the medium.
The enzyme solution should turn green after a gentle swirl at the end of the digestion period.
5.
After the digestion period, transfer a sample of the suspension to a depression slide and add a cover glass. Check the health of the released protoplasts under a microscope.
Healthy protoplasts are spherical and possess uniformly distributed chloroplasts throughout the cell, whereas unhealthy protoplasts often display chloroplast clumping and have an irregular shape.
6. Filter the enzyme-protoplast suspension through 75-µm nylon mesh into a 50-mL tube. Allow the suspension to run down the inside of the tube to avoid splashing. Rinse the Petri dish with 10 mL of W5 solution and filter into the same 50-mL tube.
The 75-µm nylon mesh will allow the passage of protoplasts but retain the leaf material. The total volume of the filtered protoplast suspension should be 20 mL.
8. Carefully remove and discard the supernatant with a Pasteur pipette without disturbing the loosely packed protoplast pellet. Resuspend each protoplast pellet in 10 mL of CS-sucrose buffer by gentle swirling.
The protoplasts will readily resuspend by gentle swirling. Do not resuspend by pipetting.
9. Centrifuge the protoplast suspension at 100g for 2 min at 4˚C using a swinging-bucket rotor in a tabletop centrifuge.
Unhealthy protoplasts will settle to the lower half of the solution and cellular debris will form a pellet. Intact, healthy protoplasts will remain suspended in the upper layer.
10. Remove and discard the bottom half of the solution and the pellet using a Pasteur pipette without disturbing the upper layer of healthy protoplasts.
Removal of the unwanted protoplasts and cell debris using a Pasteur pipette will minimize the disturbance of the healthy protoplasts near the top of the supernatant.
11. Dilute the healthy protoplasts with 1 mL of W5 solution. Allow the solution to gently run down the side of the tube and mix by gentle swirling.
The viability of protoplasts can be determined by incubation in 10 µg/mL fluorescein diacetate.
12.
Incubate the diluted healthy protoplasts on ice for 30 min. During incubation, check the cell number using a hemocytometer.
The protoplasts should settle to the bottom of the tube during incubation.
13. Remove and discard the supernatant with a Pasteur pipette without disturbing the settled protoplasts. Carefully resuspend the protoplasts in 600 µL of HEPES-sorbitol buffer.
Alternatively, protoplasts to be used for transfection experiments should be resuspended in stabilization buffer to a final concentration of 200,000 protoplasts/mL (Lung and Chuong 2012) .
Isolating Chloroplasts
14.
Fill the barrel of the syringe of an assembled protoplast rupturing device with the resuspended protoplasts. Pass them through the rupturing device into a 1.5-mL tube.
To assemble a protoplast-rupturing device, cut off the tip of a 1-mL syringe. Cut off the bottom of a 0.5-mL microcentrifuge tube. Assemble the device by placing a 1.5 × 1.5-cm 2 piece of 10-μm nylon mesh between the syringe barrel and the top part of the centrifuge tube. One device can rupture up to 60,000 protoplasts without causing the mesh to clog. Multiple rupturing devices are recommended if larger numbers of protoplasts are to be lysed.
15. Prepare a 0.5-mL discontinuous ice-cold Percoll gradient by carefully overlaying 0.25 mL of 40% Percoll gradient buffer on top of 0.25 mL of 85% Percoll gradient buffer in a 2-mL tube, being careful not to let the layers mix. 16. Layer the lysed protoplast solution over the Percoll gradient. Centrifuge at 2000g for 10 min at 4˚C using a swinging-bucket rotor in a tabletop centrifuge.
After centrifugation, intact chloroplasts should form a green band at the interface between the 40% and 85% layers. Broken chloroplasts will form a second green band in the 40% Percoll layer above the intact chloroplast layer. Soluble components released from broken chloroplasts will remain in the supernatant layer above the 40% Percoll.
17. Carefully aspirate and discard the supernatant, the upper layer of 40% Percoll, and the bottom layer of 85% Percoll. Aspirate only to within 0.5 cm of the green band at the interface of the Percoll layers to avoid disturbing the intact chloroplasts. 18. Dilute the intact chloroplasts from the interface of the Percoll layers by adding 8 volumes of HEPES-sorbitol buffer. 19. Pellet the chloroplasts by centrifuging at 750g for 5 min at 4˚C using a swinging-bucket rotor in a tabletop centrifuge. 20. Remove and discard the supernatant. Resuspend the chloroplast pellet in 50 µL of HEPESsorbitol buffer.
